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and Gerard J. Stephenson, Jr.
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ABSTRACT

A high-—intersity neutrino facility ic  bheins
propossed to be built at LAMPF. This facility, which
uses 100 uA of protons at B00 MeV incident vupon a
graphite target, will be run in two modes. The first
mode will use the usual 750-us pulse width at 12 Hertz
at LAMPF, The second one will use the Proton Storage
Ring (P5R), currently under construction, and compress
the oproton bursts to 0.270 us. In this mode pure heams
of high~intensity neutrinos and antineutrinos will be
created. Using this facility, one can actieve very
sensitive limita on neutrino oscillations and a precise
measuryment of neutrinv-electron s-:attering. 1In addi-
tion, theru are many other interesting neutrino
scattering resctions to study.
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A 1low energy and high intensity neutrino facility1

has been Jesigned
for the Los Alamos Meson Physice Facility (LAMPF). This facility will pro-
vide 1intense time-separated neutrino heams from the primary beam at LAMPF.
From LAMPF, 100 uA of B00-MeV\' protons will strike a target and produce
pions that will bhe magnetically focused for increased intensity as well as
sign selection. Thus pure beams of high intensity muon neutrinos and muon
antineutrinos will be provided. For most applications, the protons will
pass through the Proton Storage Ring (PSR) now under cons:ructlon.2 and
will be epilled on the production target in 270-ng burste at 12 Hz that
will provide background suppression and allow separation of electron
neutrino? from muon neutrinos by timing. This facility is designed to
accommedate experiments searching for neutrino oscillations, experiments
using v, or ‘u" from pion decay in flight, and experimenta using v, and/or
Vu and v, from a beam stop source. In addition, room has been lefr to
allow for future additions that might include an additional beam line or a
device to store muona from pion decay in order to provide a source of
high-energv Ve'l from muon decny.3

The bheam transport system at the neutrino facilliy is designed to
allow multiplexed operation of at least 200 yA of beam at LAMPF, both with
and without the PSR. Figure | shows the extraction of the team from LAMPF
and and Fig. 2 shows the layout of the heam transport systew. When the PSR
is in use, beam 18 extracted in the usual manner and deflected by a
kicker-septum magnet system into the neutrino beam line. Multiplexed
operations of the heam, when tlhie PSR 18 not operatiag, can be done on a
pulse=-bhy-pulse hasis using the kicker magnet to be 1nstalled in Linc D to

deflect pulses into the neutrino besam line. 1In either running condition,

up to 100 uA of beam can be provided tc Target Cell 1 at the existing
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neutron scattering farility, while at least 100 pA of beam can simultan-
eously be provided to the ecutrino facilitv.

The proton beam is focused onto the neutrino-production tirget in one
of three modes:

(1) the beam 18 focused onto a 3I-cm-diameter, 40-cm-long carbon
production target that is followed by a 30-m-long pion decay
channel,

(2) the carbon production target i@ moved on rails further down the
pion decay channel and bheam pipe with two quadrupule doublets 1isa
installed. The beam 18 then focused onto the carbon production
target, which 1s followed by a 12-m-long (or 10 m) decay channel,

(3) the carhon production target 18 removed and the water-copper heam
stop at the end of the decay channel serves as the neutrino
source.

Figure 3 shows a layout of the neutrino beam line and the nearby
expurimental aresas.

The pion~production rtargut will he graphite of a design similar to the
Riomed target that has been in use for many years at LAMPF.“ We anticipate
two running conditions for the proton beam on target: (1) the transporting
of macro-pulsens directly from the LAMPF iinac, and (2) the transporting of
the wider divergence beam from the PSR. In the first case we can expuct
proton spot sizes ~2 mm FWHM and can use thin-diameter targets of ~5 mm.
The PSR running conditions yield a broader spot size, ~1.2 cm FWHM,
requiring a J-cm-dismeter target to contain the hean. As most of the
anticipated expuriments will he carried out using the PSR, this larger
diameter target has bheen usad in the folloving calculations on the expected

neutrino flux.
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A major uncertainty 1in calculatiug the neutrino flux comes srom the
lack of knowledge of the pion ylelds from such a target. Pion-yield cross
sections have been measured at LAMPF, TRIUMF, SIN and BNL for varioue
targets and incident proton energies from 580 to 1000 Hev.s'lo The most
complete published yield data are at 730 MeV by Cochran et al.,’ having
erruors ~57 to 1NZ. These have been augmented by recent experiments at
LAMPF that have taken data at 730 Mev,!l Also, dat. were recently taken on
ot yields at ROD MeV for a series of angles from 7° to 45°.12 These
results were used in our flux calculations.

The neutrino flux can be greatly enhanced by focusing the pions into
the decay channel toward the detector. A possible design is a dipole
magnet. It will consist of a large gap (50 cm) magnet with a 12-kG field.
The magnet wi'l be positloned juat downastream of the target. The pole
pleces are arranged symmetrically about the target axis with the field
reversed in the lowver section. The trajectoriea through the magnet are
such that pions of one charge state will exit approximatelv parallel t.. rhe
decay tunrel axis for all pion production angles within the forward 60°
cone . The other chargud state will be defocused. The total solid anyle
subtended by the magnet is about 1.5 sr.

An clternative focusing device 15 a magnetic horn. The difficulty
with {ts use 18 that it would have to be pulsed 10 times fastur than other
horns have heen cperated. Because of its advantages in focusing we are
actively investigating possible horn designs.

13 vas vritten

To calculate the neutrino flux, a Monte Carlo propram
assuning a dipole magret for the focusing device. With tkis code one
calculates that a decay channel length of 12 m will produce & x 106 v/c-z-l

o' a 100 yA proton current vith an average neutrino energy of 150 MeV. The
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corresponding energy spectrum for this case is shown in Fig. 4. The Uu
flux, also shown on that figure, has an intensity of 1 x 106 ;/cmz-s and
has an average energy of 130 MeV. At much longer detector distances where
the decay channel length does not affect the solid angle at the detector,
such a8 for the oscillation experipents, a 30-m decay channel length is
more desirable. This configuration yields a factor of two more neutrino
flux over the 12-m decay length.

We have the capability of adjusting the neutrino-energy spectrum and
shifting the peak by at least 50 MeV. This can be accomplished by (1)
lowering the proton energy coming out of LAMPF, (2) adjustine the dipole
current, and (3) placing plugs downstream from the target to :pecifically
atsorb certain pion components out of the hecam before they can decay. This
energy adjustment capahility may be important for reducing or determining
backgrou ids and for obtaining two separate energy measurements that could
be useful in the neutrino oscillation experiment. In neutrino-electron
scattering adjusting the v, ®pectrum to overlap the ;u spectrum may
eliminate a major svurce of uncertainty in the measurement of the Weinherg
angle.

The 1esults presented in Fig. &4 are reprisentative of expected fluxes
and have been used in this proposal to calculate event rates. The flux
optimization has not deen completed. Increasing the repetition rate of the
ring, an improved focusing device, or an increased proton aenergy, can
Rreatly improve the event rales.

Scaling the numbers from the current Line A heam stup (sae Ref. 14) we
find fluxer of each separate neutrino type (vu, 5u, v.) at a 6-m detector

distance from tive beam stop to be av leant 9 x 106 U/cmz—l. The short time
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atructure of the PSR pulee will make it possible to distinguish v, and ;u

neutrinos from muon decay, from the Vu neutrinos.

Both positive and negative pions are produced in the target, so the
cleanliness of the resultant neutrino beams will depend on the
effectiveness of the focusing device to bend the unwanted pions out of the
line of flight to the detector. The Monte Carlo calculation was used to
estimate the amount of the wrong-sign neutrinos that strike the detector.
We found that f. the v beam aulvu = 0.005. In the corresponding Gu heam
we found vulﬁu = 0.04,

Muone from the plon decays can aleo produce a v, background. However,
the muon decay length is ~200 times longer than for pilons. After
considering angular distributions along the 12-m long decay chanunel, we
find a background ve/vu = 0.001. Also, the v, background energy spectrum
peaks at 120 MeV as shown in Fig. 4, which is considerably lowver than the
v, Spectrum, The backgrounds of Ue'l are worsw at high—energv accelerators
due to an additional source from Ke3 decays that is not present at LAMPF.
LS found ~0.52 v, /v, while CERN!6 had 0.2% to 3.0% contamination

vy

estimates a 1.0%7 v

depending on the neutrino energy. Fermila e

contamination.

In desipgning a detector that is suitsble for the PSR facility, a few
points are 1important to consider. The energies involved are lovw, so most
often only one energetic charged track emerges from the vertesz. Most often
this wuwingle track is an electron or muon. 1Its detection is possible only
1f it travels through a aufficiently large number of tracking units i1a the
detectnr. To achieve high detection efficiencies requires a segmentation

much finer than at higher-energy accelerators. The detector must also
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provide good particle type separation hy dE/dX, range, or a particle decay
signal.

A design of a detector in an experimental propusal to the facilityl7
is eahown 1in Fig. 5. There will be four drift chambher subunits in each
mcdule giving two X- andtwo Y- position coordinates per module. Pulse
heights will also be recorded for each wire hit. Each module will have 1its
own hodoscope bank to be used in the trigger.

Aluminum plates (5 m on a side and 1/4 cm thick) will be an {integral
part of the drift chamber structure forming ites front and back walls.
T-heams will be used as spacers tuo form the drift regions. Incorporating
- the aluminum 1into the drift chambers results in simple, rigid, and
self-gupporting construction. The drift region will be 1 e¢m in width and
wires will he strung every 1.5 cm. The wires will alternate as cathode
wires and sense wires. With this arrangement, the cathode wires will
tesolve the left-right ambiguity problem by making use of the fact that the
induced signal is strongest on the s8ide of the sense wire where the
particle traversed (see Ref. 15).

The scintillator planes will be 2 cm thick with one 5-m x 5-m plane
per module. Timing and proportional information will be recorded for each
phototube in a fashion similar to the drift chamber wires, though in some
cases we will want to register as many as three signals for a single event.

The detector will provide good mucn and electron identification wusing
decay timing and dE/dX information, Gasma rays will also be readily
identified after their conversion to two electrons yielding a twice mirimal
dE/dX signal. Also, the deposfted energy in the scintillator will give an

eatimate of the particle’s kinetic enerpy.
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The high detecvor granularity permits many coordinates to be
registered on a track yilelding good angle resvlution. Even with the high
granularity, the overall detector density is large (0.9 gm/cma). This 1s
an important consideration at “AMPF energies because the rapid flux
decrease along the length of the detector dictates as short a detector as
possible to optimize event rates.

In crder to discriminate against cosmic ray background striking the
detector, it 1is necessary to detect cosmic rays. The neutrino events will
generally be contained within a small region in the detector due to the
small energies involved. Therefore, the use of an active cosmic~ray veto
permits 1inclusion of almost all of the detector volume (~80%) into its
fiducial region. We are anticipating that the outer 50 cm of the detector
in each direction will be used a8 .ar! of the cosmic-ray veto systenm.

The anticoincidence shield is compused of two layers (1-X and 1-VY) of
drift chambers, or possibly scintillators, that completely surround the
main detector, except underneath. The anticoincidence chambers may be of
the sBame design as in the detector modules, but will not include
proportional mode electronics. This counter would provide rejection
efficiencies ~lﬂ'b for charged particles, which 1s sufficient for the
background 1levels expected. To provide rejfection of electron events
originating from stopped cosmic muons in the detector, the anticoincidence
shield will be checked for a signal for periods up to 25 usec before the
event in the main detector, using a delayed coincidence measurement system
similar to that being used in LAMPF Experiment 225.16

With the facility and detector described above, event rates can be
calculated. These rates for 100 days of beam time are shown in Tab'e I.

For the reactions considered the number of detected peutrino events are
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larze, showing the richness of the facility. Furthermore, because of the
low backgrounds due to the short time structure of this machine, excellent
precision can bYe expected.

In fact, with this facility it will be possible to study with great
sensitivity oscillaticn phenomena with a Vu beam. Using a 500-ton detector
at 3800 m and another 20-ton detector at 200 meters, one can achieve
extreme Sensitivities to neutrino oscillations. The proposed location of
those detectcrs relative to LAMPF 1is shown in Fig. 6. With this
configuration we can achieve, at 90% confidence limits, an upper limit of
Am? (0.01(eV)2 for Vu disappearance and 0.001(eV)2 for the exclusive
channel Vi ? Ver These values are an order of magnitude better than
anything proposed elsewiere. For large Amz, the experiment can set limits
on the mixing angle of §1n220 = 0.17 for vy disappearance and C.001 for

vu > V. These limits should be compared to the current results and
proposed experiments that are shown in Fig. 7.

Using a 500-ton Jdetector at a position close to the production area,
OnNe can measure vu—e and Vu-e elastic scattering with sufficient precision
to determine the fundamental coupling constants of the weak neutral current
with an accuracy of ¢ few percznt and to make definite statements about the
space-time structure of the neutral current. A unique measurement of the
differential distribution is made possible by the relative wide angular
distributions of electrons due to the low neutrino energies available at
this facility. The purity and low energy of the neutrinuo beam are also

crucial to reduce backgrounds and other systematic errors in this

expariment.
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Another unique feature of this facility 1s the availability of
electron neutrinos separated from the muon neutrinos in time. The low duty
factor will suppress cosmic-ray packgrounds to allow clean Ve—e scattering
experiments.

Furthermore, this facility will also allow the study of
neutrino-nucleus scattering. In particular, at the low—-momentum transfers
available, one may study individual inelastic transitions where che nuclear
states provide unique selectivity, especially with regard to the 1sospin
structure of the charged and neutral currents. Wirh both muon and electron
neutrinos available, one will be able to conduct detailled tests of
universality. The availability of high~intensity muon neutrino and muon
antineutrino beams will make tests of CP violation possible.

The design for this facility has benefited from many contributions by

F. Buehm, R. McKeown, and P. Nemethy. We thank them for their assistance.
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TARLF 1

SFLECTFD FVFNT RATES EYPECTFD IN DETECTOR FOR 100 RUNNING DAYS

¢, = 4 x 106 v/cmz-s

¢_

v =1 x 10° 3/cm2—s

Detector composition: 365 tors of Al + 128 tons of CHl 1 (scint.)

VAL » v+ x 680,000 v,C uo o+ x 224,000

VAL TR 11,000 v,C wt + x 4,000
v, wt +n 56,000
VP * VP 1,900
VP > VP 180

Ve * Ve 600 v,C "+ Nl2¢gh) 16,000

ﬁue +> 3ue 130 3uC - u+ + Bl2(a™) 800

v,C » v, C* (15.11 MV) 1,500

%uc + Buc* {15.11 MeV) 120

vee * Ve (beam stop at 9 m) 500

VAL * e” + X (beam stop at 9 m) 3,000
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FIGURFE. CAPTIONS

Layout of proposed neutrino facility showing existing and proposed
construction.

Beam transport system of proposed fac! ¢ty showing extraction lines
from PSR and Line N feeding new neutrino beam line.

Layout of new construction proposed at end of Line D. The three
target positions (30-m decay channel, 12-m decay channel, and water
beem stop) are shown,

The computed V. and V. energy spectra are shown. The total
integrated fluxes are given for the optimal pion decay channel
lengths and dipole focusing fields discussed in the text.

Module for a possible 500-ton neutrino detector.

Contour map of site of proposed neutrino facility and yproposed
200=m and 380C~-m detector bhuildings.

The experimental sensitivity for propused and completed
experiments. The area to the right of the curve 18 excluded.
Ref. 1 has the complete list of experiments.
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